INTRODUCTION
Fast-growing population, agriculture expansion and coastal development have increased wastewater discharge to the ocean, impacting marine recreational waters (MRWs) quality (Griffin et al. 1999) . MRWs harbouring enteric viruses represent a public health risk (WHO 2003; SEMARNAT 2005) , due to accidental water ingestion during recreational activities (Griffin et al. 2003; Bofill et al. 2005) . Epidemiological studies have shown positive correlation between contaminated marine water with Enteroviruses (Adenoviruses, Enteroviruses, reoviruses, coxsackieviruses, Norwalk viruses, Rotavirus and hepatitis A virus) and health risks to bathers (Griffin et al. 2003) .
NV and HAV are commonly transmitted by faecally contaminated water (Parshionikar et al. 2003; Kittigul et al. 2006) . NV causes the most frequent viral waterborne gastroenteritis worldwide (Vinjé et al. 2004) . NV is divided into five genogroups (GGI, GGII, GGIII, GGIV and GGV), which consist of great genetic genotype diversity within each genogroup . Human-related NV is genogroup I, II and IV (Vinjé et al. 2004) . On the other hand, HAV is distributed worldwide (Kittigul et al. 2006) and Mexico is among the countries with a high incidence (CDC 2006) . HAV has a high degree of genome conservation; seven HAV genotypes have been identified, doi: 10.2166/wh.2009.114 four (I, II, III and VII) of human origin and the rest associated with simian species (Nainan et al. 2006) . Studies have shown that a strains adaptation to susceptible individuals is possible while some others are well adapted to environmental settings ( Van den Berg et al. 2005) .
Large volumes of water are required to concentrate for virus detection. Adsorption-elution is the most used method (Schwab et al. 1995) as recommended by the Environmental Protection Agency (EPA). Cell culture and immunoassays methods are not sensitive enough for detecting all the viruses which may be present (Griffin et al. 2003 ) and its use is limited to certain groups of viruses. Polymerase chain reaction coupled to efficient concentration methods allows rapid and sensitive detection of enteric viruses in water (Huang et al. 2000) .
Information about the presence of enteric viruses in
MRWs is scarce in South America. Major efforts to improve the microbiological quality of MRWs are being made by many countries (Moce et al. 2005) . The EPA, the European Economic Committee (EEC) and the World Health Organization (WHO) safe recreational waters guidelines use the Enterococci quantification as a microbial water quality index (WHO 2003) . However, conclusive data remarks negative correlation between Enterococci and viral pathogens (APHA 1999; Griffin et al. 1999; Jiang et al. 2001; Harwood et al. 2005; Moce et al. 2005; Vantarakis et al. 2005) . Viruses are known to persist for a longer time in MRWs (Allwood et al. 2003) .
Since 2003, the Mexican health authorities have assessed seawater recreational quality by a monthly Enterococci surveillance program in main beach tourist destinations. The maximum permissible limit for Enterococci is 100 NMP/100 ml. However, surveillance of enteric viruses is not part of the program, thus its incidence is unknown. Therefore, the objective of the study was to evaluate HAV and NV presence and to relate with physicochemical parameters (temperature, turbidity and salinity) by Binary Logistic Regression (BRL) analysis.
MATERIALS AND METHODS

Viruses
Norovirus stool samples and HAV (ATCC-VR-1402) positive controls were kindly provided by Dr Charles P. Gerba (University of Arizona). (Figure 2 ). Contamination of Mazatlan beaches is generated by tourist activity, coastal population, and pluvial and wastewater discharge. Also, Site C is next to the Mazatlan sewage treatment plant (Figure 2 ).
Study area and water sample collection
Physicochemical parameters
Water temperature, pH, turbidity and salinity were measured at each sampling site. Water was collected 15 m 
Filtration, elution and concentration
MRWs samples were concentrated by the EPA adsorptionelution method (EPA 1984 (EPA , 1995 (EPA , 2001 (Huang et al. 2000) . Eluates were subsequently concentrated by organic flocculation and the pH was adjusted (3.5^0.1, 1 N HCl), then they were stirred for 30 min and centrifuged for 20 min at 2,450 £ g.
The precipitate was dissolved with 30 ml of 0.15 M Na 2 PO 4 (Fermont) (pH 9.0 -9.5) to a final pH of 7.0-7.5.
Concentrated samples were stored at 2 208C until RNA extraction.
Extraction of viral RNA
Concentrated samples were subjected to RNA extraction using QIAmp viral RNA mini kit (Qiagen, USA). The extracted RNA was used directly for RT-PCR analysis.
Reverse transcription polymerase chain reaction (RT-PCR)
The NV and HAV primer pair selected in this study were the same as previously described by Griffin et al. (1999) and Vinjé et al. (2004) , respectively (Table 1) dedicated pipettes and reagents were used for each location.
Cloning and sequencing of RT-PCR products
Three and two positive samples for NV and HAV, respectively, were cloned prior to sequencing. RT-PCR products were cloned and transformed using TOPO TA Cloning for sequencing kit (Invitrogen, USA) according to the manufacturer's instructions; after transformation at least ten positive colonies were selected and cultured for 24 h at 378C in LB medium, containing 50 mg/ml ampicillin.
Plasmids were isolated using the Wizard Plus SV Minipreps DNA Purification System (Promega), eluted in 100 ml of water, quantified by absorbance with a biophotometer (Biophotometer 6131; Eppendorf, USA) and sent to the molecular biology department of the Cellular Physiology Institute, National Autonomous University of Mexico (UNAM) for sequencing analysis.
Phylogenetic analysis
Nucleotide sequences were BLAST searched and strain similarities were identified based on GenBank database entries. Multiple sequence alignments were generated using the BioEdit program. Distances were calculated by the Jukes-Cantor method and neighbour-joining trees were constructed using MEGA version 3.1 as previously described by Kumar et al. (2004) .
Nucleotide sequence accession numbers
The sequences reported in this study have been deposited
into GenBank under the following accession numbers:
EU884429 to EU884433.
Statistical analysis
A Binary Logistic Regression model was used to determine if temperature, turbidity and salinity predict the probability of NV and HAV occurrence in marine waters. The model used was:
where Y is the dependent variable (viruses), P(Y ¼ 1) is the predicted probability that the dependent variable is a positive response, b 0 through b k are the k regression coefficients and x 1 through x k are the independent variables (environmental parameters). Viruses were treated as a binary variables; a score of 0 or 1 was assigned when viruses were absent or present, respectively. The 92% confidence level was estimated.
RESULTS AND DISCUSSION Presence of HAV and NV in MRWs
A total of 32 MRWs samples were collected during the course of the study, 12 from Altata and 20 from Mazatlan.
RT-PCR virus data were reported as presence/absence.
A total of 18/32 (56.3%) samples were positive. Both viruses were detected in 6.25% of the samples. Four (22.2%) Table 4 . NV occurrence in the spring and summer (Mounts et al. 2000) . As previously described, MRWs temperature plays a critical role in viral infectivity (Lo et al. 1976) .
The occurrence of NV in the water at 258C is higher than at 388C. Allwood et al. (2003) analysed inoculated potable water with Feline Calicivirus (FCV) at 4, 25 and 378C, during 28 days. They found that an increment in temperature diminished the time required for 90% viral reduction at 7.3, 5.2 and 2 days, respectively.
Results obtained in the present study stated that NV presence can be greater at temperatures of 25 -318C (autumn and spring) than 30 -388C (summer). Thus, the probability of detecting NV increases as temperature diminishes, remaining stable for longer periods of time.
Data obtained in this study coincide with those of Lo et al. (1976) , who determined that temperature (4, 15, 25, 378C) and salinity (10, 20, 34 ppt) have an effect in poliovirus 1, echovirus 6 and coxsackievirus B5 survival in seawater, showing that the higher the temperature, the faster the viruses lost infectivity. High temperatures cause protein denaturation of viral capsids and breaking of phosphodiester links of viral nucleic acids, inhibiting the adsorption of viruses in their hosts and inactivating enzymes required for their replication (Bhattacharya et al. 2004) .
NV occurrence in MRWs was greater at a turbidity of 1.1 NTU than at 8 NTU. Laboratory studies have demonstrated that turbidity in seawater is responsible for inactivation, removal and reduction of viruses in an aquatic environment (Patti et al. 1987; Maier et al. 2000; Bongiorni et al. 2005) . Noble & Fuhrman (1997) demonstrated that infectivity of viruses in coastal water was diminished by the presence of heat labile substances (enzymes) and microorganisms. NV was greater at a salinity of 35 ppt than at 23 ppt. It has been reported that solutions with a salinity of 1 M concentration are able to increase protein solubility (Badui 1999) . Saline concentration in this study varied from 1.66-2.53 M/l NaCl. 
HAV occurrence
